N
i
|

Magnification: 100X

0.016-Inch Material
above

Weld Interface at
500X Magnification

Residual oxide
film tragments
throughout the
interface.

Figure A=6. 0.016-1ncl t O.100-Inch 2024-T3 Alclad.
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a. Magnification: 100X

b. Weld Interface at
500X Magnification

Residual oxide film
fragments are dis-
persed throughout
the interface.

Figure A-7. 0.016-Inch to

0.020-Inch 6Al1-4V Titanium Alloy.
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LTR DESCRIPTION DATE APPROVED
New | Released on EO 131362 09/27/77
SCOPE This specification establishes the requirements and procedures
for joining assemblies by the ultrasonic welding process for the
following materials:
Group A Aluminum and Aluminum Alloys
Group B Steels, Austenitic, Ferritic and
Precipitation Hardening Steels,
Nickel and Cobalt Base Alloys
Group C Titanium and Titanium Alloys
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Division of Summa Corporation

1. SCOPE

1.1 This specification establishes the requirements and procedures for
joining assemblies by the ultrasonic welding process for the following
materials:

Group A Aluminum and Aluminum Alloys

Group B Steels, Austenitic, Ferritic and Precipitation Hardening
Steels, Nickel and Cobalt Base Alloys

Group C Titanium and Titanium Alloys
2. APPLICABLE DOCUMENTS

2.1 Government documents. The following documents of the issue in
effect, on date of the invitation for bids or request for proposal, form a part
of this specification to the extent specified herein. In case of conflict between
these documents and this specification, the requirements of this specification
shall prevail,

STANDARDS
Military
MIL-STD-453 Radiographic Inspection ]
2.2 Non-Government documents.
SPECIFICATIONS
Industry
Hughes Helicopters
HP 9=5 Specific Metal Cleaning Methods H
HP 9-10 Paint Stripping of Metal Surfaces {;
HP 9-12 Aluminum Alloy Spot Weld Etch W
HE 925 Vapor Degreasing of Materials
2.2.1 Copies of specification, standards, drawings, and publications re- ‘
quired by suppliers in connection with specified procurement functions should |

be obtained from the procuring activity or as directed by the contracting officer.
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OTHER PUBLICATIONS
American Welding Society

AWS A2, 0-68 Welding Symbols
2.2.2 Technical society and technical association specifications and
standards are generally available for reference from libraries. They are
also distributed among technical groups and using Federal agencies.

3. REQUIREMENTS

3.1 Eguipment.

3.1.1 Welding. Welding equipment shall consist of a suitable power source
and necessary support instrumentation and controls to reliably indicate and
control all equipment variables.

3.1.2 Standardization. Welding tips, designated sonotrodes and anvils by
one equipment manufacturer, shall meet the regquirements established by the
equipment manufacturer.

3.1.3 Jigs and fixtures.

3.1.3.1 All tooling required to locate welds or hold detail parts during the
weld cycle shall be so constructed that they do not interfere with the functioning
of the welding equipment.

3.1.4 Equipment maintenance.

3.1.4.1 Each item of equipment shall be inspected at the frequency level
established by the equipment manufacturer.

3.1.4.2 Welding tips shall be maintained to the manufacturer's requirements
so that consistent welds are produced.

3.1.4. 2.1 Welding tip contours shall be maintained to the manufacturer's
requirements or to the contour established by suitable testing by the using
contractor. The contour surface of the weld tip shall be maintained between
200 and 300 microinches rms using the EDM (electric discharge machining)
process to produce the welding tip.

T :
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3.1.4.2.2 Welding tips may be dressed to remove material pickup;
however, the contour and surfaces finish shall not be changed by the tip
dressing operation.

3,1.5 Shear testing machines. The contractor shall provide a shear test-
ing machine accurate to within £2 percent of the indicated reading. Portable
shear testing machines shall be checked for accuracy at intervals not to
exceed 2 months.

3.2 Weld classification.

3,2.1 Classes. Welding shall be accomplished on secondary structural
and nonstructural assemblies only. Weld classification for secondary struc-
tural shall be Class B and shall be Class C for nonstructural.

3,3 Shear strength requirements.,

3.3.1 Reguirements. Shear strength requirements shall be established by
tne procedure outlined in 3,7 when new alloy combinations are to be joined.

3.4 Materials and methods of preparation.

3.4.1 Joining. Any alloy or combination of alloys may be joined by this

process provided the procedure outlined in 3.7 has been performed.

3.4.2 Characteristics. Materials welded by this process will have their
ductility characteristics only slightly affected (3 percent or less). Thus, a
special heating sequence for the purpose of tempering the weld is not required.

3.4,.3 Cleaning.

3.4.3.1 The maximum time allowed between the cleaning of parts and the
welding operation shall be 72 hours for Group A and B materials, and 12 hours
for Group C materials., In the interval, the parts shall be suitably stored
in a closed area to preclude any contamination.

‘ ' REV. ‘
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3.4.3.2 Parts to be welded shall be clean and free from oxides, scale,
ink, grease, and other foreign materials.,

3.4.3.3 Cleaning shall be accomplished in accordance with HP 9-5,
HP 9-10, HP 9-12, or HP 9-25 as applicable. In general, Group A materials
may be cleaned by vapor degreasing per HP 9-25. Group C materials may
be cleaned using chem:cal etch per HP 9-5,

3.5 Mating parts.

3.5.1 Contacting. Mating parts assembled for welding shall fit so that
before the first and each successive weld is made, \the surfaces to be joined
by the weld are in contact or can be made to contact each other with minimum
pressure (i.e., less than 5 pounds force).

3.6 Qualification of welding machines.

3.6.1 Qualification tests. Welding machine qualification tests shall be
performed to determine the consistency of machine operation at or near the
desired operating range. To have equipment qualified and approved for pro-
duction welding, test specimens shall be prepared as specified herein. The
machine qualification data shall be recorded on a form like or similar to

Figure 1. The qualification record shall be valid when stamped by an autho-
rized inspector.

3.6.2 Test materials.

3.6.2.1 Test material shall be selected within the allov group from which
parts are to be fabricated,

3.6.3 Machine qualification.

3.6.3.1 Machines shall be qualified to meet the weld requirements for the
highest classification for which they are intended for use in production.

,HP g [PEY. | | CODE 1DENT NO. |

‘ LA ULTRASONIC WELDING 82734 '
PAES ]

SHEET 6 of 27 ‘

FORM 16424




€3 Hughes Helicopters coveuws s | PROCESS SPECIFICATION

(To Be Accompanied by Welding Scheduls)
Camnpaay. Address. Data.
Mér. of Machs Serial No Mir. of Copol Panel___*
Qualification Group: (Nots material coversd by Congrol Mfr.'s Type Number
goup (a) or (D) arboth seesection______  Thickness Range: (Note minimum and

maxmum thicknes )
Sarface Preparation sctaally qualifisd 1
Mararal
Upper ess (Incoes)
Matanal
Lowwr see (inches)
SHEET COM- ' Sections or
BINATION Radio-
grsphic
1 28 51 78
2 27 52 77
3 28 53 78
4 29 54 79
5 30 55 30
[} 31 58 81
7 32 57 82
8 33 58 83
9 34 50 84
10 35 60 85 :
11 38 41 4
WELDED  STRENGTH,——02 il & 87 x
SPECIMENS | POUNDS 13 38 63 38 :
PER WELD 14 39 04 89 |
15 40 85 90 |
16 41 68 R !
17 42 67 92 E
13 43 68 ) |
19 44 [ M
20 45 70 95
21 40 71 96
2 47 73 N
F=) 48 3 08
24 49 74 )
i 25 50 78 100
Total of Shear Strangths
Aversge of Soear Strecine
Min. Valus obtained on Test
Vanauon 12 Shear Strength
A "Wald Diametar W Wod U ‘
ear Surength on | able
Latmseary Do s Mieamemrar Andammn | gt

Figure 1, Machine Qualification Data (Part 1)

—
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Address Date

Campany.
Mér.of Machina_______ SerisiNoe —_________ Mir ofControl Panel
Qualification Groop: (Nots material covered by Conlrd Mér's Type Number

goap (a) or (b)or both seasecton . Thickness Racge: (Nows minimnum
maximum thickness actually qualified)

and

: Maternl
Upper ess (Inches)
Coudiuion
Matanal
Lower Thickness (mches)
—

Machine Control Settings

1.

Figure 1. Welding Schedule (Part 2)
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3.6.3 2 One machine of each distinctive type shall satisfactorily pass the
complete qualification test before any part or assembly welded on that machine
type is considered acceptable as an item on a contract.

3.6.3.2.1 Distinctive types of equipment are those differing in any of the T
following respects: :

a. Manufacturer of the machine or control panel, type of machine, or
model number.

b. Electrical rating, capacity, or transducer frequency.
c. Detail clamping method.
NOTE
Adcitional machines of the same distinctive type
as the approved machine may be qualified by the
establishment of satisfactory production settings

for each such machine. ;

3.6.4 Requalification.

3.6.4.1 When the equipment has once been qualified, it need not be requalified
for future contracts or production provided no change in basic material or range
of machine settings are involved. A change of equipment location within a
facility, not involving a change in power source, does not require requalification.
Requalification of equipment shall be required if the machine is rebuilt or if
significant operational changes are made therein. 3

3.6.5 Test specimen.

3.6.5.1 To qualify a welding machine 106 welds shall be made using 0. 063 ‘
inch bare 2024-T3 material. No maintenance or control adjustments shall be '
permitted during the welding of a sec of specimens. The process details used
in specimen preparation for qualification (such as material cleaning method,
machine settings, and electrode configuration) shall be those which would be
used in production.

r~ T
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3.6.6 Test requirements.

3.6.6.1 Of the 106 welds produced, 100 welds shall be shear tested and six
welds shall be sectioned for metallurgical examination.

3.6.6.2 The average tensile shear value shall be 1850 pounds minimum
and the difference between the highest and the lowest values shall be 245 pounds
maximum. The failure of one weld to meet these requirements shall be cause
for failure of the entire test set and the welding equipment shall be adjusted,
modified, or repaired before repeating the qualification test.

3.6.6.3 The six metallurgical specimens shall be cross sectioned, polished,
and etched (at or as close to the center of the weld zone as possible). Weld
quality shall meet the requirements of 3.10, unless otherwise specified in
this section, when examined at 100X to 200X magnification.

3.6.6.4 The shear and metallurgical specimens shall be fabricated to the
multiple weld configuration of Figure 2, except as noted, and shall be sub-
sequently cut into single weld specimens prior to testing. Dimensions of each
shear test specimen shall be as given in Table I.

3.6.6.5 All test welds shall be radiographically examined in accordance ¥
with MIL-STD-453 prior to shear testing to assure that the welds are sound
and crack free.

3.6.7 Machine and process data.

3.6.7.1 Four copies of a form simailar to Figure 1 shall be completed for
each machine and submitted for approval to the authorized Product Assurance
representative. After receiving approval, a copy of the form shall be posted
on the machine. The other copies of the form shall be forwarded to Manu-
facturing, Product Assurance Engineering, and Material, Processes, and
Standards Departments.

3.7 Certification of welding process or schedule.

3,7.1 Welding schedules. Suitable welding schedules shall be established
for each material or permissible combination of different materials and =ach
thickness combination to be welded in production on the machine under con-
sideration. Thickness combination, of the metals listed, falling within both
the following limits shall not require separate welding schedules, provided
acceptable welds can be produced within the control adjustment limit of

Pl

Section 4.
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WELD SHALL BE WITHIN
1/16 INCH FROM CENTER
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(Values for W and A are shown in Table L. )
N = Number of spot welds as specified in the applicable
paragraphs of the specification. The number of spot

welds per set shall be not less than 20,

Multiple-spot shear specimen for other than foil thicknesses
(to be cut after welding).

Group B and C material shear specimens shall be as shown 1in
Figure 3.

See Figure 4 for metallurgical test specimen configuration.

Figure 2. Multiple Weld Test Panel Configuration

—

02731

CODE IDENT NO. lHP 11-9

REV.

{ ULTRASONIC WELDING

AL

SHEET 1l of 27

L
FORM 16428

o

LT T




é Hughes Helicopters

Dwsion of Summa Comaration

Centneta and Teale Streets
Culver City. Caifornia 90230

1

PROCESS SPECIFICATION |

r 0.051 to 0.100

TABLE I. SHEAR TEST SPECIMEN DIMENSIONS
W - Dimension
Sheet Thickness Overlap and Width Minimum (inch) Length A-
(Inch) Dimension
Group A Group B and C (Inch)
Materials Materials
0.016 to 0.050 1 1 4
1 1 4 !
?
| |

| | |

| i

! |

! i

' e
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r-? A
WELD SHALL BE WITHIN
—w /1/16 INCH FROM CENTER
s '
N

__/.4.l_.. 1l w

\1_/ L

——

b—

(Values for W and A are shown in Table 1.)

Figure 3. Single-Spot Shear Specimen

e LENGTH AS REQUIRED )

|
--——-!SPAcuNG USED IN PRODUCTION
I

|
| gy
4+ ——0—06—06 - - 1
| ] n N
|
WIDTH AS o .
REQUIRED PREPARE SECTION ‘

ALONG CENTER LINE
OF SPOT, STITCH OR
SEAMWELD(S)

Figure 4. Metallurgical Test Specimen Configuration
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3.7.1.1 For Group A materials:

a. 0.004 inch or 10 percent variation ir thickness of either outer sheet,
whichever is greater.

b. 0.004 inch or 10 percent variation in overall thickness of the
combination to be welded, whichever is greater.

3.7.1.2 For Group B and C materials:
a. Twenty percent variation in thickness of either outer sheet.

b. Ten percent variation in overall thickness of the combination to
be welded.

3.7.2 Reguirements.

3.7.2.1 The welding schedule shall be established prior to the welding of
production parts and shall include the cleaning process used, all details of
the machine setup, and the control settings for each machine to be used in
production welding. The suitability of the welding schedule shall be estab-
lished by making and testing not less than the number of welds listed in
Table II. The welding schedules and test results shall be approved by Product
Assurance Division inspection personnel.

3.7.3 Test requirements,

3.7.3.1 Shear specimen.

3.7.3.1.1 The (two thickness combination) shear specimens shall be pre-
pared as shown in Figure 3 and Table I, and then tested using a machine

=

described in 3.1.3. Shear strength requirements are specified below.

3. 7.4 Minimum shear strength requirements.

3.7.4.1 The shear strength of each weld shall be in accordance with the
minimum requirements of Table III (for Group A materials), Table IV (for
Group B materials), and Table V (for Group C materials). The failure of one
weld shall be cause for rejection of the entire set and the welding equipment
shall be adjusted, modified, or repaired prior to repeating the test for the
particular combination involved.
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TABLE II. NUMBER OF WELDS REQUIRED FOR

SCHEDULE ESTABLISHMENT

Material
Weld Group A Group B and C
Meshas Ultimate Ultimate
Stress Metallurgical Stress Metallurgical
Specimens Specimens Specimens Specimens
Single *Shear *Micro- *Shear *Micro-
Weld Section Section

*This quantity intentionally left blank.

To generate shear data for Tables III,

IV, and V, the procedure of 3.6.6.1, 3.6.6.3, 3.6.6.4, and 3.6.6.5 shall

be used.

|

All shear data shall be recorded.
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TABLE III. MINIMUM REQUIRED SHEAR STRENGTH AND
MINIMUM AVERAGE SHEAR STRENGTH FOR
GROUP A MATERIAL*

Shear Strength (Failure Load Pounds)
Material Combination

Minimum F
Minimum Average
0.020 2024-T3 Alclad to 543 617

0.025 6061-T6 Alclad

*Except as noted, this table intentionally left blank for lack of
shear test data.
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TABLE IV, MINIMUM REQUIRED SHEAR STRENGTH AND
MINIMUM AVERAGE SHEAR STRENGTH FOR
GROUP B MATERIAL*

Shear Strength (Failure Load Pounds)
Material Combination

Minimum
Average

Minimum

*This table intentionally left blank for lack of shear test data.
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TABLE V. MINIMUM REQUIRED SHEAR STRENGTH AND

MINIMUM

AVERAGE SHEAR STRENGTH FOR
GROUP C MATERIAL*

M aterial Combination

Shear Strength (Failure Load Pounds)

e Minimum
Minimum
Average

*This table intentionally

left blank for lack of shear test data.
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3.7.5 Average shear strength requirements.

3.7.5.1 The average shear strength of each set of welds shall be equal to
or greater than the minimum average strength shown in Tables III, IV, or V
(as applicable).

3.7.6 Shear strength consistency requirements.

3.7.6.1 Group A material. A variation in shear strength of welds in
Group A materials of £12-1/2 percent of the average value will be permitted
in 90 percent of the specimens specified in Table II, and a variation of 25 per-
cent in the remaining specimens. The variation in shear strength for each of
three sample welds shall not exceed 30 percent (see 4. 8).

3.7.6.2 Group B and C materials. A variation in shear strength of welds,
in nonhardening steels (by the welding process) and other alloys in these alloy
groups, of 10 percent of the average value will be permitted in 86 percent of
the specimens specified in Table IO, and a variation of 20 percent in the remain-
ing specimens. The variation in shear strength for each of three sample
welds shall not exceed 30 percent (see 4.8).

3.8 Certification records.

3.8.1 Records posting. Records showing the welding machine settings for
all variable controls, and minimum and average weld shear strengths for all
alloys and thickness combinations welded on that machine shall be posted on
the machine.

3.9 Recertification.

3.9.1 Reguirement. Recertification of a welding schedule may be required
at anytime, if the authorized inspector for any reason doubts the ability of a
machine or machines to make satisfactory welds.

3.9.2 Schedule. When the amount of material in the throat of the machine,
the curvature of the part, and other conditions in production welding require
control adjustments outside the limits specified in Section 4, specific welding
schedules shall be established for each joint requiring such adjustment. The
schedule shall also specify the tests and examinations which will be used to
determine the conformance of the welds to the requirements specified herein.
The test welds shall be made so that they represent welds in the production
parts.
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3.10 Quality standards.

3.10.1 Appearance.

3.10.1.1 The outer surface of all test specimen welds shall be smooth
and free of cracks, tip pick-up, pits, and other defects which indicate that
the welds were made with dirty or improperly prepared welding tip surfaces.
The maximum acceptable number of defects for production parts shall not be
greater than that shown in Table VI.

3.10.2 External defects.

3.10.2.1 Test specimen welds shall be free of external defects. For
production parts, except as noted in Section 4, the following defects are not
acceptable: pits, surface flash, tip pick-up, expulsion of metal from between
the sheets, external cracks, edge-bulge cracks, and blown spots.

3.10.3 Sheet separation.

3.10.3.1 Sheet separation, measured at a distance from the edge cof the
weld equal to approximately one-half the welding tip indentation, is notaccept-
able if in excess of 15 percent of the average thickness of the members being
joined or 0. 006 inch, whichever is greater (for all metals).

3.10.4 Surface indentation.

3.10.4.1 Where aerodvnamic considerations are a requisite, the welding
tip indentation shall not exceed 0. 004 inch. In all other cases welding tip incenta-
tions are not acceptable if the depth exceeds 20 percent or 0. 005 inch, which-
ever is greater, of the thickness of the sheet in which the indentation occurs.

3.10.5 Internal defects.

3.10.5.1 Weld defects such as porosity/voids, cracks or microsegregation
are acceptable if the maximum extent of the defect does not exceed one of the
following limits as indicated by metallographic examiination:

a. Twenty-five percent of the weld diameter.

b. Fifty percent of the respective sheet thickness extension into an
outer sheet.

¢. Extension within 15 percent (of the weld diameter) of the boundaries
of the weld zone.
! ‘ JLTRASONIC WE LDING

| | it \
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TABLE VI. MAXIMUM ACCEPTABLE NUMBER OF DEFECTS

All Groups
Nature of Weld Defect Acceptable Additional
Without Repairable
Repair % (1) % (1)
Cracks open to surface 0 0
Edge bulge cracks 0 0
Sheet separation exceeding 5 0
3 o) established limits
g0
L: ‘% Pits less than 1/16 inch diameter 5 5
(Sl
Metal expulsion 5 5
Tip pick-up 3 0 ( k
Excessive indentation 10 0
_ ~| Cracks 6 10
- =
=
g8
=
i s
g |

(1) Total of all defects shall not exceed 15 percent.
(2) In excess of limitations established in 3.10.
NOTE: Percentage fractions shall be interpreted as the next highest

number of welds for the purpose of determining the additional
repair permissible.
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3.10.6 Lack of bonding between sections (clad aluminum).

3.10.6.1 The outline of the weld area at the interface shall be generally
smooth and regular. There shall be no "'unbonded'' cladding material within
or adjacent to the weld zone.

3.10.7 Uneqgual thickness combinations.

3.10.7.1 Ina joint between members of unequal thickness or of alloys of
different strength levels, the minimum shear strength required shall be
based on the thickness of the thinner member or the strength of the lower
strength material.

3.10.8 Tack welds.

3.10.8.1 Tack welds may be used if specifically allowed by the engineering
drawing.

3.10.8.2 Tack welds require no test specimens. However, they shall be
of sufficient strength to fulfill their temporary functiorn and shall not exceed
the defect levels established for production parts.

3,11 Restrictions and limitations.

3,11.1 Rewelding of faultvy welds,

3.11,1.1 Rewelding of a faulty weld is allowed, provided the requirements
of 3,10 are not violated.

3.11.2 Single welds.

3.11.2.1 Single welds shall not be used to hold parts together except when
specifically allowed by the engineering drawing. A minimum of two welds
should always be used.

3.11.3 Sequence of operations.

3.11. 3.1 Aluminum assemblies shall be welded prior to the installation of
mechanically fastened details when the two processes are to be used on the
same part or assembly.
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